Asymmetric dimethylarginine (ADMA), an endogenous nitric oxide synthase inhibitor, is related with impaired endothelial function and poor outcomes in chronic kidney disease (CKD) patients. In addition, oxidative stress and inflammation are also a common problem in CKD patients, and both have an important role in the development and progression of atherosclerosis and increased cardiovascular events in CKD. Ascorbic acid might be a promising agent in CKD for improving outcome by decreasing oxidative stress and ADMA levels.
In this issue of Clinical Kidney Journal, Gillis et al. [1] investigated the effect of ascorbic acid on oxidative stress and endothelial function in chronic kidney disease (CKD) and hypertension (HTN). They conducted a crossover study on 20 CKD patients with intravenous saline and ascorbic acid and a cohort of 30 HTN patients. The authors found that baseline ascorbic acid levels were lower in CKD patients compared with HTN patients. In addition, they showed that administration of ascorbic acid significantly reduced the levels of asymmetric dimethylarginine (ADMA) in CKD patients, as well as central blood pressure and augmentation index in both CKD and HTN patients, whereas it increased total antioxidant potential (TAP) and superoxide levels in both groups. This study yielded no significant changes in flow-mediated dilatation (FMD) [2] .
ADMA, an endogenous nitric oxide synthase inhibitor, plays an important role in endothelial dysfunction and is associated with poor outcomes in CKD patients [3] . Kanbay et al. [3] showed that increased levels of ADMA are associated with a higher risk of all-cause mortality and/or cardiovascular events. Therefore, lowering ADMA levels might improve outcomes in CKD patients. Oxidative stress and inflammation are also a common problem in CKD patients, and both play an important role in the development of atherosclerosis and are independently associated with cardiovascular disease in CKD patients [4] [5] [6] .
This article presents a broad view of the effects of ascorbic acid on several non-conventional risk factors of cardiovascular disease, with a special focus on the vascular component of cardiovascular disease. The authors used more than one parameter for the assessment of each category (endothelial function, oxidative stress and arterial function), thus enhancing the validity and significance of the results. Examining the effects on endothelial function, oxidative stress and arterial function in the same study allows a compact approach to this topic.
Gillis et al. [1] provided extensive data on the antioxidant potential of ascorbic acid and its effect on oxidative stress using a wide variety of biomarkers, including ADMA, TAP, F2-isoprostanes, glutathione (GSH)/glutathione disulfide (GSSG) and oxygen production. Additionally, the evaluation of clinical predictors of the change in ADMA levels is noteworthy and builds a bridge between clinical data and molecular biomarkers, implicating its possible future use in clinics. In short, the in-depth investigation of oxidative stress in this article distinguishes it from other studies.
However, the generalizability of the results of this study should be considered. In this study, haemodialysis patients and patients suffering from diabetes were excluded. Although the study included eight peritoneal dialysis patients, the exclusion of haemodialysis patients might have led to bias and hence the results do not represent CKD patients requiring haemodialysis. Moreover, haemodialysis patients, which constitutes the biggest group, decreases the reflectivity of the study. Another previous study done in haemodialysis patients was also excluded patients with diabetes mellitus of which limits the generalizability of their findings since almost half of the CKD patients have diabetes mellitus [7] . Therefore, this aspects needs to be questioned.
Another drawback of this study is the sample size and study design. This is a crossover study combined with a cohort, which makes it constitutionally less reliable than a randomized controlled trial (RCT), and the results would have been ideal as outcomes derived from an RCT. On the other hand, as the authors acknowledge, the sample size was calculated according to the FMD and any statistically significant changes in the other parameters, such as differences in ADMA levels, might have been due to chance. To circumvent this, the authors could have calculated for, and used, the biggest sample size for all parameters investigated.
One small note is that HTN patients were used as controls and these patients might also have vascular dysfunction due to the nature of the disease. This could mask the real difference between CKD patients and healthy subjects, because of possible hidden vascular damage in HTN patients.
Another major drawback of the study is the lack of data on antihypertensive medications. This is a very important issue, given the fact that the study population was composed of CKD and HTN patients who probably were on one or more antihypertensive drugs, although no comparative data were available regarding this issue. We believe that this is a significant concern, since antihypertensive medications may affect endothelial dysfunction and ADMA levels differently. For example, angiotensinconverting enzyme (ACE) inhibitors have beneficial effects on endothelial dysfunction [8] . However, beta-blockers have less favourable effects on endothelial dysfunction compared with ACE inhibitors [9] . Previous studies have shown that treatment with ACE inhibitors and angiotensin receptor blockers (ARBs) reduces ADMA levels in the general population [10] [11] .
In a recent meta-analysis, a significant reduction in the augmentation index was seen with ACE inhibitors, ARBs, calcium channel blockers and diuretics. However, beta-blockers, alphablockers, nicorandil and moxonidine non-significantly reduced the augmentation index. It was concluded that beta-blockers are not as beneficial as the other antihypertensives in reducing central blood pressure and the augmentation index [12] . However, in maintenance haemodialysis patients, it was found that short-term ACE inhibitors increased ADMA levels, whereas ARBs did not [13] . In another study, nebivolol decreased ADMA levels in hypertensive patients [14] . Given this background, the relationship between endothelial dysfunction, ADMA levels and antihypertensive medications is of great importance, and this article lacks this valuable information.
Finally, this article provides new results on ascorbic acid infusion decreasing ADMA levels, as well as blood pressure, which could add to the existing literature. However, it does not resolve the conflict in the current literature about the effect of ascorbic acid on endothelial function, as there is no significant change in FMD. This study is important in terms of new data on the effect of ascorbic acid on oxidative stress, endothelial function and blood pressure. While it adds to the literature, the findings should be evaluated with caution. There is still the need for a randomized, double-blind, placebo-controlled study comprising a bigger sample population, which would include diabetic patients and long-term follow-up, with a view to enhancing the generalizability of the results.
